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[57] ABSTRACT 

Disclosed is a semiconductor device for improving a resis 
tance against barrel cracks of an insulating substrate on 
Which a semiconductor chip is mounted, thereby enhancing 
a reliability of the semiconductor device. A plurality of 
through-holes provided in a BGA substrate for electrically 
connecting electrodes of a semiconductor chip to packaging 
electrodes are arranged inside a region of the BGA substrate 
in Which the semiconductor chip is mounted. When the 
semiconductor device undergoes temperature changes, a 
larger extension/contraction force is applied to the loWer 
portion of the BGA substrate as compared With the upper 
portion thereof, and such an expansion/contraction force 
becomes larger at a position more apart from the center of 
the BGA substrate. As a result, a through-hole at a position 
more apart from the BGA substrate is applied to a larger 
stress. HoWever, since the plurality of through-holes are 
arranged inside the region of the BGA substrate in Which the 
semiconductor chip is mounted, the stress applied to each 
through-hole can be reduced. This is effective to suppress 
occurrence of barrel cracks. 

9 Claims, 4 Drawing Sheets 
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BALL GRID ARRAY PACKAGE HAVING 
THROUGH-HOLES DISPOSED IN THE 

SUBSTRATE UNDER THE CHIP 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device, 
particularly, a semiconductor device in Which electrodes of 
a semiconductor chip mounted on the front surface of an 
insulating substrate are electrically connected via through 
holes to packaging electrodes provided on the back surface 
of the insulating substrate. 
ABGA (Ball Grid Array) package has been knoWn as one 

of packages for semiconductor devices such as ICs and LSIs. 
In the BGA package, a semiconductor chip is mounted on 
the front surface of a BGA substrate composed of an 
insulating substrate; ball-like electrodes are provided on the 
back surface of the BGA substrate; and electrodes of the 
semiconductor chip are electrically connected to the ball 
like electrodes via a plurality of through-holes provided in 
the BGA substrate. 

Compared With a package having a structure in Which 
packaging leads project from side surfaces of the package, 
such a BGA package having ball-like electrodes as packag 
ing electrodes disposed over the entire back surface of a 
BGA substrate has an advantage that a multi-pin structure 
can be adopted for mounting a semiconductor device on a 
Wiring substrate Without occupation of an additional space 
on the Wiring substrate. 

FIG. 2A is a sectional vieW of a related art BGA package, 
and FIG. 2B is a schematic top vieW of the BGA package 
shoWn in FIG. 2A. In these ?gures, reference numeral 1 
indicates a semiconductor chip; 2 is Ag paste; 3 is a die pad 
for ?xing the semiconductor chip 1; 4 is mold resin; 5 is a 
Au bonding Wire; 6 is an inner lead; and 7 is a solder resist. 

Reference numeral 8 indicates a BGA substrate made 
from a material shoWn in Table 1. 

TABLE 1 

linear expansion coef?cient 11° C. 

prepleg (BT + glass cloth) copper 

X: 1.4 X 1/106 
Y: 1.6 X 1/106 1.6 X 1/105 
Z: 4.7 X 1/106 

Reference numeral 9 indicates a plurality of through-holes 
provided in the BGA substrate 8. Each of the through-holes 
is formed of copper foil. Reference numeral 10 indicates a 
plurality of ball-like electrodes formed of solder balls, Which 
are provided on the back surface of the BGA substrate 8. 
Here, as shoWn by hatching in FIG. 2B, the plurality of 
through-holes 9 are arranged outside a region 11 of the BGA 
substrate 8 in Which the semiconductor chip 1 is mounted. 

Incidentally, a semiconductor device having such a BGA 
package has a problem in causing barrel cracks upon a 
temperature cycle test performed after assembly of the 
semiconductor device, resulting in the degraded reliability. 

The barrel crack is such a phenomenon that When a 
semiconductor device undergoes temperature changes by 
repeated cycles betWeen a high temperature and a loW 
temperature, copper foil of through-holes is disconnected 
due to a difference in thermal expansion coef?cient betWeen 
a prepleg constituting a BGA substrate and the copper foil. 
The occurrence of these barrel cracks possibly cuts off 
electric connection betWeen electrodes of a semiconductor 
chip and ball-like electrodes. 

10 

15 

25 

35 

45 

55 

65 

2 
FIGS. 3A to 3C are schematic vieWs illustrating a mecha 

nism of occurrence of barrel cracks. When a semiconductor 
device undergoes temperature changes by repeated cycles 
betWeen a high temperature region A(for example, 150° C.) 
and a loW temperature region C (for example, —65° C.), a 
prepleg and copper foil are both extended as shoWn by 
arroWs in the high temperature region A; While they are both 
contracted as shoWn by arroWs i the loW temperature range 
C. As a result, there occur barrel cracks 12 due to a 
difference in thermal expansion coef?cient betWeen the 
prepleg and the copper foil. 

FIGS. 4A to 4C are schematic vieWs illustrating another 
mechanism of occurrence of barrel cracks. In an ordinary 
temperature region B (25° C.), stress acts as shoWn by 
arroWs due to a difference in thermal expansion coef?cient 
betWeen the prepleg and the copper foil, and thereby the 
BGA substrate 8 constituting the BGA package Warps as 
shoWn in FIG. 4B and the mold resin 4 correspondingly 
Warps. Speci?cally, a loWer portion 8B of the BGA substrate 
8 is contracted larger than an upper portion 8A of the BGA 
substrate 8 does, so that loWer portions of the through-holes 
9 Warp inWard. In the high temperature region A, the 
Warping of the BGA substrate 8 is corrected and the BGA 
substrate 8 is ?attened, so that the through-holes 9 are 
straightly kept. On the other hand, in the loW temperature 
region C., the degree of the Warping of the BGA substrate 8 
becomes larger and the degree of the Warping of the mold 
resin 4 correspondingly becomes larger, With a result that the 
loWer portions of the though-holes 9 further Warp inWard. 

In this Way, When temperature changes are given to the 
semiconductor device, a larger extension/contraction force 
is applied to the loWer portion 8B of the BGA substrate 8 as 
compared With the upper portion 8A of the BGA substrate 8. 
Further, the expansion/contraction force becomes larger at a 
position more apart from the center of the BGA substrate 8, 
and consequently a through-hole 9 positioned more apart 
from the BGA substrate 8 is applied to the larger stress. 
Accordingly, in the related art structure in Which the plu 
rality of the through-holes 9 are arranged outside the region 
11 of the BGA substrate 8 in Which the semiconductor chip 
1 is mounted, there easily occur the barrel cracks 12. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a semi 
conductor device capable of improving a resistance against 
barrel cracks of an insulating substrate on Which a semicon 
ductor chip is mounted for enhancing a reliability of the 
semiconductor device. 

To achieve the above object, according to the present 
invention, there is provided a semiconductor device includ 
ing: a semiconductor chip mounted on the front surface of an 
insulating substrate; packaging electrodes provided on the 
back surface of said insulating substrate; and a plurality of 
through-holes, provided in said insulating substrate, for 
electrically connecting electrodes of said semiconductor 
chip to said packaging electrodes; Wherein said plurality of 
through-holes are arranged inside a region of said insulating 
substrate in Which said semiconductor chip is mounted. 

In the semiconductor device of the present invention, as 
described above, a plurality of through-holes provided in an 
insulating substrate for electrically connecting electrodes of 
a semiconductor chip to packaging electrodes are arranged 
inside a region of the insulating substrate in Which the 
semiconductor chip is mounted. As a result, When the 
semiconductor device undergoes temperature changes, an 
expansion/contraction force applied to the through-holes can 
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be relieved. Accordingly, it becomes possible to improve a 
resistance against barrel cracks of the insulating substrate on 
Which the semiconductor chip is mounted and hence to 
enhance a reliability the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are vieWs shoWing an embodiment of a 
semiconductor device according to the present invention, 
Wherein FIG. 1A is a sectional vieW of the semiconductor 
device; and FIG. 1B is a schematic top vieW of the semi 
conductor device; 

FIGS. 2A and 2B are vieWs shoWing a related art semi 
conductor device, Wherein FIG. 2A is a sectional vieW of the 
semiconductor device and FIG. 2B is a schematic top vieW 
of the semiconductor device; 

FIGS. 3A to 3C are vieWs illustrating a mechanism of 
occurrence of barrel cracks in a semiconductor device; and 

FIGS. 4A to 4C are vieWs illustrating another mechanism 
of occurrence of barrel cracks in a semiconductor device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Hereinafter, one embodiment of the present invention Will 
be described With reference to the draWings. 

FIGS. 1A and 1B are vieWs shoWing one embodiment of 
a semiconductor device according to the present invention, 
Wherein FIG. 1A is a sectional vieW of the semiconductor 
device, and FIG. 1B is a schematic top vieW of the semi 
conductor device. 

In these ?gures, reference numeral 1 indicates a semicon 
ductor chip; 2 is Ag paste; 3 is a die pad for ?xing the 
semiconductor chip 1; 4 is mold resin; 5 is a Au bonding 
Wire; 6 is an inner lead; 7 is a solder resist; and 8 is a BGA 
substrate made from the material shoWn in Table. 1. 

Reference numeral 9 indicates a plurality of through-holes 
formed of copper foil. The through-holes 9 are arranged 
inside a region 11 of the BGA substrate 8 in Which the 
semiconductor chip 1 is mounted. Reference numeral 10 
indicates a plurality of ball-like electrodes formed of solder 
balls provided on the back surface of the BGA substrate 8. 
Although the ball-like electrodes are arranged outside the 
above region 11, they are electrically connected to the 
corresponding through-holes With extending Wiring (not 
shoWn). 

In this semiconductor device of the present invention, the 
plurality of through-holes 9 provided on the BGA substrate 
8 for electrically connecting the electrodes of the semicon 
ductor chip 1 to the ball-like electrodes 10 are arranged 
inside the region 11 of the BGA substrate 8 in Which the 
semiconductor chip 1 is mounted, and accordingly, When the 
semiconductor device undergoes temperature changes, an 
expansion/contraction force applied to the through-holes 9 is 
relieved. 

In general, When a semiconductor device undergoes tem 
perature changes, a larger extension/contraction force is 
applied to the loWer portion 8B of the BGA substrate 8 as 
compared With the upper portion 8A of the BGA substrate 8 
as described With reference to FIGS. 3 and 4, and such an 
expansion/contraction force becomes larger at a position 
more apart from the center of the BGA substrate 8. As a 
result, a through-hole 9 at a position more apart from the 
BGA substrate 8 is applied to a larger stress. 

According to the present invention, hoWever, since the 
plurality of through-holes 9 are arranged inside the region 11 
of the BGA substrate 8 in Which the semiconductor chip 1 
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is mounted, the stress applied to each through-hole 9 can be 
reduced. This is effective to suppress occurrence of barrel 
cracks. Accordingly, it is possible to signi?cantly improve a 
resistance against barrel cracks, and hence to enhance a 
reliability of the semiconductor device. 

Although the BGA substrate is used in the above 
described embodiment, the present invention is not limited 
thereto. For example, other insulating substrates may be 
used insofar as each of the substrates is provided With 
through-holes for electrically connecting electrodes of a 
semiconductor chip to packaging electrodes. The present 
invention can be also applied to semiconductor devices of a 
?ip-chip type in Which Wire bonding for electrodes of a 
semiconductor chip is omitted. Additionally, the package is 
not necessarily limited to a resin mold type. 

While the preferred embodiment of the present invention 
has been described using the speci?c terms, such description 
is for illustrative purposes only, and it is to be understood 
that many changes and variations may be made Without 
departing from the spirit or scope of the folloWing claims. 

What is claimed is: 
1. A semiconductor device comprising: 

a semiconductor chip mounted on a front surface of an 

insulating substrate; 
packaging electrodes provided on a back surface of said 

insulating substrate; and 
a plurality of through-holes, provided in said insulating 

substrate, and electrically connecting electrodes of said 
semiconductor chip to said packaging electrodes; 

Wherein said plurality of through-holes are arranged 
exclusively inside a region of said insulating substrate 
in Which said semiconductor chip is mounted and 
spaced apart from edge regions of the chip, and all of 
said packaging electrodes are arranged exclusively 
outside the region of the insulating substrate in Which 
said semiconductor chip is mounted; 

Wherein the semiconductor chip is secured directly on the 
front surface of the insulating substrate. 

2. A semiconductor device according to claim 1, Wherein 
said packaging electrodes comprises a plurality of ball-like 
electrodes disposed on the back surface of said insulating 
substrate. 

3. A semiconductor device according to claim 1, Wherein 
said insulating substrate comprises a ball grid array sub 
strate. 

4. A semiconductor device according to claim 1, Wherein 
all of said plurality of through-holes are entirely spaced 
apart from edge regions of the chip toWard a center of the 
chip. 

5. A semiconductor device according to claim 4, Wherein 
said plurality of through-holes are spaced apart from edge 
regions of the chip such that barrel cracks in said plurality 
of through-holes are avoided When the semiconductor 
device is repeatedly cycled betWeen temperature of from 
about —65° C. to about 150° C. 

6. A semiconductor device comprising: 
a semiconductor chip mounted on a front surface of an 

insulating substrate; 
packaging electrodes provided on a back surface of said 

insulating substrate; and 
a plurality of through-holes, provided in said insulating 

substrate, and electrically connecting electrodes of said 
semiconductor chip to said packaging electrodes; 
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wherein said plurality of through-holes are arranged 
inside a region of said insulating substrate in Which said 
semiconductor chip is mounted, and all of said pack 
aging electrodes are arranged exclusively outside the 
region of the insulating substrate in Which said serni 
conductor chip is mounted; 

Wherein the semiconductor chip is secured directly on the 
top surface of the insulating substrate. 

7. A semiconductor device according to claim 6, Wherein 
all of said plurality of through-holes are entirely spaced 1O 
apart from edge regions of the chip toWard a center of the 
chip. 

8. A semiconductor device according to claim 7, Wherein 
said plurality of through-holes are spaced apart from edge 
regions of the chip such that barrel cracks in said plurality 15 
of through-holes are avoided When the semiconductor 
device is repeatedly cycled betWeen temperatures of from 
about —65° C. to about 150° C. 

6 
9. A semiconductor device comprising: 
a semiconductor chip mounted on a front surface of an 

insulating substrate; 
packaging electrodes provided on a back surface of said 

insulating substrate; and 
a plurality of through-holes, provided in said insulating 

substrate, and electrically connecting electrodes of said 
semiconductor chip to said packaging electrodes; 

Wherein said plurality of through-holes are arranged 
exclusively inside a region of said insulating substrate 
in Which said semiconductor chip is mounted, all of 
said plurality of through-holes being entirely spaced 
apart from edge regions of the chip toWard a center of 
the chip; 

Wherein the semiconductor chip is secured directly on a 
front surface of the insulating substrate. 

* * * * * 


